A survey of benign melanocytic nevi (moles), suspected precursors or markers for melanoma, was conducted in Washington State among 717 randomly selected 18-to 50-year-old white adults who participated in a telephone interview in 1990-1991. Participants were questioned about constitutional factors, time spent in the sun, and severe sunburns over three time periods and were asked to count the raised nevi on both their arms. Logistic regression was used to examine the risk for 2+ nevi compared with none. An odds ratio (OR) of 2.0 (95% confidence interval (Cl) 1.3-3.1) was seen for current freckling. Skin color, tendency to bum, and inability to tan were important risk factors but were not independent of each other. Individuals with a history of severe sunburns had an increased risk of nevi: OR = 1.9 (95% Cl 0.9-3.9) for 3+ severe sunburns compared with none in the last 5 years; OR = 2.0 (95% Cl 1.2-3.1) for 4+ severe teenage sunburns; and OR = 3.1 (95% Cl 1.7-5.3) for 4+ severe childhood sunburns. Furthermore, childhood sunburns were related to nevi independently of sun sensitivity and teenage and recent sunburns: OR = 2.0 (95% Cl 1.0-4.0) for 4+ severe sunburns. These data suggest that childhood sunburns are important in the etiology of nevi. This study supports prior studies of the relation between melanoma and early sun exposure. Am J Epidemiol 1996;143: 248-56.
Melanoma is an important public health problem as incidence rates have increased steadily. From 1973 to 1990, an average increase in incidence of melanoma of 17 percent per year for US males and 11 percent for US females was seen (1) . The association of an increased number of benign melanocytic nevi with increased melanoma risk suggests that nevi are either markers of some exposure that leads to melanoma, potential precursors of melanoma, or both (2) . This association is based on two types of evidence. First, clinical and pathologic evidence suggests that nevi are markers or precursors of melanoma (2) (3) (4) . Preexisting nevi have often been reported by patients with mela-noma and have been histologically identified in association with melanomas (2, 5, 6) . Second, epidemiologic studies have shown that the number of nevi is a strong indicator of the risk of developing melanoma, regardless of the method of defining nevi (i.e., type, size, or location) (7) (8) (9) (10) (11) (12) (13) (14) (15) . The role of early sun exposure in the etiology of melanoma may be through the development of nevi (10, 16) . Nevi are important to study as precursors and/or markers of melanoma because they can be measured early in life at a time close to childhood and adolescent sun exposure. Thus, the study of nevi may increase our understanding of the etiology of melanomas and hence of their prevention (2, 4) .
The number of nevi on the arms is a useful substitute for total body nevus counts. There is evidence that nevus counts on the arms are representative of total nevi (11, 12, 17) . In addition, several studies show that nevi on the arms are good predictors of melanoma (8, 10, 12, 14, 15, (18) (19) (20) . There may be greater compliance and more exact nevus counts when the assessment of nevi is concentrated on one limited and easily accessible part of the body with a clear, simple definition of nevi (12) . For population studies, the arm or forearm may be the best site for self-report and convenience (12) . There have been many studies of nevi; however, none have been in representative population-based samples with detailed information on sun exposure. Although nine studies of nevi among schoolchildren (21) (22) (23) (24) (25) (26) (27) (28) (29) have examined constitutional risk factors including the reaction of the skin to sunlight, most obtained limited information on sun exposure. Of six previously published studies of nevi in adults, three were analyses of the control group in case-control studies of melanoma and so were representative of the age distribution of melanoma (8, 30, 31) . The fourth study looked at total body dysplastic nevi among patients from a pigmented lesion clinic (32) . The remaining two studies were not population based since they included patients with melanoma (33, 34) . The primary aim of the study presented here was to examine the relation of constitutional factors and early sun exposure to the prevalence of nevi in a random sample of 18-to 50-year-old men and women.
MATERIALS AND METHODS

Study population
Our study of raised nevi was conducted as part of the Cancer Behavior Risk Survey, an annual survey that monitors behavior, knowledge, and attitudes about cancer risk and prevention in the state of Washington. Participants were identified by random-digit dialing telephone survey techniques. For each household, one male and one female were randomly selected for eligibility for the interview. Trained interviewers conducted the survey using a computer-aided telephone interview system. These procedures have been described by Kristal et al. (35) .
The study of nevi was restricted to individuals aged 18-50 years (n = 827). We used an upper age limit of 50 in an attempt to minimize memory loss and to avoid confusion between nevi and skin problems including seborrheic keratoses and solar lentigines (liver spots), which are more common in older individuals. Nonwhites and Hispanics (n = 84) were excluded because melanoma rates are much higher in Caucasians than in other races. Pregnant women (n = 18) were excluded due to potential hormone-induced skin changes. Individuals with history of melanoma (n = 7) were excluded in addition to a man with vitiligo. These exclusions reduced the study population to 717 participants. The interview rate for the overall Cancer Behavior Risk Survey study (ages 18+ years) was 80 percent. In single sex households, one eligible adult was picked at random with effectiveness rates of 62 percent among male households and 63 percent among female households. For households with both sexes, the household level (at least one person per household completed the interview) effectiveness rate was 68 percent. The effectiveness rates for two-person eligible households by sex were 49 percent among men and 60 percent among women. Informal reports by the telephone interviewers indicated that after completing a survey, women would often refuse on behalf of their husbands, thus reducing the two-person eligible household effectiveness rates.
Study variables
Information was obtained on host factors including age, sex, education, income, marital status, height, weight, and sun sensitivity. The interview was piloted to assess which questions were unclear or difficult for participants to answer. Modifications were based on participant reactions to the pilot and suggestions made by the interviewers. Sun sensitivity was assessed by skin color of the upper-inner arm (light, medium, or dark), tendency to burn (acute reaction of the skin to the sun), and inability to tan (chronic reaction to the sun) as well as by measuring current freckling, hair color, and eye color. Tendency to burn was defined as a response to strong sunlight for the first time in the summer for 1 hour (no burn, mild burn, and severe or painful burn); and inability to tan was defined as a response to repeated and prolonged exposure to the sun (deep tan, moderate tan, mild tan, and no tan). Participants were asked how many freckles they now have on both arms (none, a few, several, or a lot). Questions assessed frequency of severe sunburn, chronic sun exposure, and use of protective clothing during three time periods: the past 5 years, as a teenager (ages 13-18), and as a child (before age 13). Sunburns were defined as sunburns so severe that they produced blisters or pain lasting 2 or more days. Chronic sun exposure was assessed by the number of days per week participants recalled spending more than 4 hours in the sun during the summer. The use of protective clothing was determined by asking whether participants' arms were usually exposed, sometimes covered, or usually covered while in the sun. Sunscreen use on the arms in the past 5 years was categorized as never, once in a while, most of the time, or always.
Participants counted their nevi' after they answered the questions on constitutional factors and sun exposure. Interviewers instructed participants to run their fingertips over their arm to count all raised moles, separately for each arm. A mole was defined as "a brown or black raised spot or beauty mark, which may be large or small." All nevi (raised and flat) were counted on the left forearm among individuals reporting no current freckles. No attempt was made to differentiate lentigo simplex from junctional nevi. Only analyses of the total number of raised nevi on both arms are reported.
Validity of self-reported nevi
To validate the self-report of nevi, a convenience sample of 27 subjects was interviewed over the telephone and then examined by a dermatologist a few weeks later. Good agreement was evidenced by highly significant (p < 0.001) correlations: r = 0.85 using rank counts, r -0.79 based on a log transformation of raised nevus counts, and r -0.84 (n = 23) for total nevi on the left forearm.
Analysis
As noted previously (21, 25, 28) , raised nevi had positively skewed distributions with large kurtosis (leptokurtic): 55 percent of subjects had no nevi, 19 percent had one nevus, 12 percent had two or three, 6 percent had four or five, 5 percent had six to nine, and 3 percent had 10 or more nevi. The data did not fit a Poisson distribution, and no simple transformation could normalize the data. Therefore, three groups were formed: no nevi (55 percent), one nevus (19 percent), and two or more nevi (26 percent). Logistic regression was used to determine risks for one nevus and for multiple nevi versus none. For most risk factors, the odds ratios (ORs) for one nevus were generally in the same direction but weaker than those for two or more nevi. For simplicity, we present the comparison only of the 188 subjects who had two or more raised nevi with the 394 subjects who had none. Similar analyses of all nevi (flat and raised) on the left forearm were conducted with similar results (not reported). Logistic regression analyses were used to examine the risk of nevi associated with one factor (e.g., sunburns) while controlling for other factors (e.g., age and sex). ORs and 95 percent confidence intervals (CIs) were calculated using maximum likelihood estimates from logistic regression analyses of simultaneous effects of two or more factors (36) . All risk factors were coded using dummy variables. For ordered categorical factors, trend ORs and 95 percent CIs comparing the highest category with the reference category are presented. The trend OR fits a'line to the /3 coefficients for each category, assuming an equal increase in the log (OR) for each category level. Trend p values are reported for ordered categorical variables.
All analyses were adjusted for age and sex. Confounding of associations by other factors was examined by changes of 0.15 or greater in the OR of interest after adjustment for a potential confounder. Confounding was seen by age, sex, current freckling, and sun sensitivity (skin color, tendency to burn, and inability to tan). Because controlling for two of the three sun sensitivity factors did not always fully adjust for confounding, conservative ORs adjusted for all three sun sensitivity factors and age in groups, sex, and current freckling are presented. The ORs for days per week in the sun were analyzed as a categorical variable and as a linear function of protective clothing and recent sunscreen use. Effect modification by sex, skin color, inability to tan, tendency to burn, and current freckling were examined after adjusting for age and sex. Table 1 presents the risk of two or more raised nevi on both arms compared with none by various demographic characteristics, adjusted for age and sex. The risk of multiple raised nevi decreased after age 35 years. Females had twice the odds of two or more nevi compared with males. There were no associations with socioeconomic factors (education or income), marital status, or body mass index (weight/height 2 ). Table 2 presents the associations between nevi and constitutional factors, specifically characteristics that may represent levels of skin sensitivity to the sun. Self-reported dark and medium skin color compared with light skin were each protective against multiple nevi. Individuals reporting a tendency to bum severely in response to strong sunlight for the first time in the summer were twice as likely to have multiple nevi as those reporting a tendency not to burn. Similarly, individuals who tended not to tan or to tan mildly in response to repeated and prolonged sun exposure had an increased risk of multiple nevi compared with those who tended to tan deeply. Individuals with "several" or "a lot" of current freckles had an increased risk of multiple nevi. Individuals with black hair had a significantly reduced risk of multiple nevi (OR -0.3, 95 percent CI 0.1-0.8); however, this was based on only 32 subjects with black hair. There was no association between nevi and eye color (not shown).
RESULTS
Demographic and constitutional factors
Skin color, tendency to burn, inability to tan, and current freckling were highly interrelated. In an attempt to separate the effects, we adjusted each factor in table 2 for each of the other factors in the table, which decreased the strength of all associations. However, current freckling was an independent predictor of multiple nevi (OR = 1.8, 95 percent CI 1.1-2.7). Skin color, tendency to burn, and inability to tan each measure sun sensitivity; however, none was clearly independent of the others. Scores combining the three factors were not stronger predictors of nevi than the individual measures. Few or no differences were seen in the ORs when the demographic factors in were adjusted for skin color, tendency to bum, inability to tan, and current freckling. The OR for multiple nevi associated with sex was reduced from 1.95 (95 percent CI 1.4-2.8) (table 1) to 1.6 (1.1-2.4) after adjustment for constitutional factors.
Sunburns
Individuals with multiple severe sunburns during childhood, during teenage years, or in the past 5 years each had increased risks of multiple nevi (table 3) . After adjusting for sun sensitivity factors, the ORs were reduced; however, childhood sunburns remained very significant (table 3) . This suggests that history of severe childhood sunburns was an important risk factor for nevi independent of sun sensitivity. In addition, a model containing all three time periods (not shown) examined the relative importance of each time period. Childhood appeared to be the most important time period, with a significant trend {p = 0.024) and an OR of 2.2 (95 percent CI 1.1-4.2) for multiple nevi associated with four or more childhood sunburns compared with none after adjustment for constitutional factors, teenage sunburns, and adult sunburns. The associations with adolescent sunburns and sunburns in the past 5 years disappeared after adjustment for sunburns during the other two time periods (not shown).
Sunburns may be the mechanism by which sunsensitive individuals develop nevi. To assess this, ORs were compared for the sun sensitivity factors adjusted for age and sex (table 2) with ORs further adjusted for history of childhood sunburns. The ORs for nevi associated with skin color, current freckling, and inability to tan showed no important differences after adjustment for childhood sunburns. The OR for nevi associated with tendency to produce a severe/ painful sunburn was reduced from 2.0 (95 percent CI 1.1-3.6) to 1.6 (0.8-3.2) after adjustment for history of childhood sunburns. The OR for females versus males was not reduced after adjustment for childhood sunburns, suggesting that a difference in sun exposure does not explain the difference seen by sex.
Sun exposure
Chronic sun exposure, measured as the number of days per week in the summer when 4 or more hours were spent in the sun, was not associated with multiple raised nevi (table 4). A modest protection was seen among individuals who spent 4-7 days per week compared with 1 day or less in the past 5 years. Use of protective clothing on the arms while in the sun during each of the three time periods was not associated with the risk of multiple nevi nor was sunscreen use on the arms in the past 5 years (data not shown). Furthermore, no association was seen between nevi and a linear score combining days spent in the sun, protective clothing, and sunscreen use. No significant interactions were seen between childhood sunburns and sex, skin color, tendency to burn, inability to tan, or current freckling.
DISCUSSION
Our results contain several potentially important findings. The most important finding was an association of raised nevi with severe sunburns (table 3) . We were able to examine the independent association between sunburns and nevi after controlling for sun sensitivity. Although the ORs for severe sunburns were each reduced after adjustment for sun sensitivity, a significant association remained between childhood sunburns and nevi. This is similar to risks seen among Australian children (28) . The importance of tendency to sunburn as a predictor of nevi was reduced after adjustment for history of severe childhood sunburns. This implies that childhood sunburns may be more important in the risk of nevi than host factors predisposing an individual to burn. We further examined the relative importance of severe sunburns received over different time periods. Childhood sunburns were the most important of the three time periods in our study. This supports evidence from melanoma and nevus studies that childhood is the most critical time period for sun exposure effects (10, 14, 29, (37) (38) (39) . Furthermore, the magnitude of the risk of nevi with sunburns was similar to that seen between melanoma and sunburns (8, 14, 16, 37, (39) (40) (41) .
Our findings were consistent with prior studies of nevi showing an increased number of nevi associated with constitutional factors representing sun sensitivity or a light complexion (8, 21-24, 26, 28-32) . These results are consistent with the risks seen between sun sensitivity and melanoma (7-10, 15, 18, 20, 41-44) . This study, along with others (23, 25, 28) , showed evidence that hair and eye pigmentation may not be effective markers of sun sensitivity in populations of primarily European descent.
The decreased likelihood of multiple nevi seen with increasing age in this study has been reported in other studies of nevi in adults (8, 30) . Overall, the number of nevi appears to increase with age during childhood and adolescence (22, 23, (26) (27) (28) and then decrease with age during adulthood (8, 30) . Because studies of nevi have been cross-sectional, it is impossible to tell whether a decline with age is due to disappearance of nevi with age or if it is due to differences in the § Adjusted for age groups (18-25, 26-35, 36-40, 41-45, 46-50 years) , sex, skin color, tendency to bum, inability to tan, and current freckling.
prevalence of nevi across birth cohorts, similar to birth cohort differences in melanoma (45) (46) (47) . A recent prospective cohort study of dysplastic nevi found that disappearance of nevi accounted for some of the decrease seen with age; however, there appeared to be additional birth cohort effects (48) . If our results reflect birth cohort effects rather than a decline in the number of nevi with age, this would mean that individuals born in recent years have a greater prevalence of nevi than those born before 1955.
The greater prevalence of nevi among women in this study is inconsistent with the greater incidence of melanoma among males. Several studies of nevi among schoolchildren have suggested higher rates among males (21-23, 25, 27) , whereas one study found an excess in females (49) . The greater prevalence of nevi in women seen in our study probably is not due to more sun exposure inasmuch as there was no change in the OR for sex after adjustment for sunburns. The greater prevalence may reflect more complete nevus counts among females, as was found in our validation study, or may reflect differences due to counting nevi only on the arms. It is possible that men have more nevi on their trunks and women, more nevi on their arms.
Higher socioeconomic status has been associated with melanoma (9, 14, 40, 42, 43) . Similar to the New Zealand study (25) of nevi, we found no association between nevi and socioeconomic status (education or income). The Massachusetts study (32) of dysplastic nevi found a moderately strong association with education.
The lack of an association seen between nevi and time spent in the sun may be real. However, inability to accurately measure chronic sun exposure probably accounts for the lack of any association seen here. Intense encounters, such as sunburns with blisters or pain lasting several days, may be recalled more easily than time spent in the sun.
Current evidence supports both intermittent and total sun exposure as risk factors for melanoma. Armstrong (50) hypothesizes that among fair-skinned individuals, intermittent sun exposure may be enough to cause melanoma. Although darker skinned individuals may be protected from the effects of intermittent sun exposure by their pigmentation, Armstrong (50) speculates that increased total sun exposure may increase risk of melanoma after maximal tanning is achieved. This theory is supported in part by three melanoma studies that found interactions between sun sensitivity and sun exposure on the risk of melanoma (20, 42, 51) .
Limitations
The impact of nonresponse on the study of nevi should have been minimal. There was little or no reason to believe that individuals chose to participate based on the number of nevi they had on their arms. Individuals who did not participate refused for the entire Cancer Behavior Risk Survey. It is possible that individuals who agreed to participate in the survey differed from nonparticipants in their behavior (e.g., sun exposures or socioeconomic status). This type of bias would be expected to be nondifferential by nevus status. However, the study may not be representative of socioeconomic status. Both the participant and the interviewer were unaware of the participant's nevus status while ascertaining potential exposures. The general population has some knowledge about the potential associations between melanoma and sun exposure; however, nevus studies should have less recall bias than melanoma studies since there has been little publicity of any such associations with nevi.
Self-report of raised nevi may not be completely accurate. However, raised black or brown lesions are usually nevi and should not be confused with freckles or lentigines that are always flat. Although the validity of nevi self-assessment is of great concern in melanoma case-control studies, such bias should not be a problem in a population-based study of nevi since cancer status may prompt the individual cases' awareness of skin lesions. Even though the validity and reproducibility of varying methods of nevus counting are unclear, our validation study evidenced considerable agreement between the dermatologist and selfreport over the telephone.
Conclusions
In summary, childhood sunburns are important in the etiology of nevi. The magnitude of the risk for nevi associated with sunburns is similar to that seen with melanoma. Sun sensitivity has been consistently related to both nevi and melanoma. Most of the prior studies of adults have not been able to separate the independent effects of the reaction of the skin to the sun and actual sun exposure. We found childhood sunburns to be independent of both sun sensitivity and sunburns later in life as a risk factor for multiple raised nevi. This study adds support to the hypothesis that prevention of nevi and ultimately of melanoma may be accomplished through the reduction of childhood sunburns.
